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Mass conservation equations of gas phase (g) and solid phase (s) 
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Momentum conservation equations of gas phase (g) and solid phase (s) 
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Energy conservation equationsof gas phase (g) and solid phase (s) 
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IRU WKH PRPHQWXP H[FKDQJH FRHIILFLHQW 7KH WUDQVSRUW HTXDWLRQ IRU WKH VROLG SKDVH JUDQXODU WHPSHUDWXUH LV
FKDUDFWHUL]HG E\ WZR LPSRUWDQW TXDQWLWLHV WKH UDGLDO GLVWULEXWLRQ IXQFWLRQ ଴ǡୱୱ  ZKLFK UHSUHVHQWV WKH FRQWDFW
SUREDELOLW\ EHWZHHQ WKH SDUWLFOHV DQG WKH JUDQXODU WHPSHUDWXUH߆ GHILQHG DV RQHWKLUG RI WKHPHDQ VTXDUH SDUWLFOH
YHORFLW\ IOXFWXDWLRQV 7KH VKHDU YLVFRVLW\ߤ௦RI VROLG SKDVH LQFOXGHV D FROOLVLRQDOߤ௦ǡ௖௢௟  IULFWLRQDOߤ௦ǡ௙௥ DQG NLQHWLF
ߤ௦ǡ௞௜௡ FRPSRQHQW 7KH FRUUHODWLRQ IRU PRPHQWXP H[FKDQJH FRHIILFLHQW DQG RWKHU FRQVWLWXWLYH HTXDWLRQV DUH
VXPPDUL]HGLQWDEOH
2.1. Effective thermal conductivities  
,Q D VLPXODWLRQ RI WKH KHDW WUDQVIHU IURP D IOXLGL]HG EHG WR DZDOO 6\DPODO DQG*LGDVSRZ >@ ILQG QHFHVVDU\ WR
FRQVLGHUVROLGVSKDVHFRQGXFWLYHKHDWIOX[WREHDEOHWRFDOFXODWHEHGWRZDOOKHDWWUDQVIHUFRHIILFLHQWVFRPSDUDEOHWR
H[SHULPHQWDOPHDVXUHPHQW>@
$FFRUGLQJ WR WKH =HKQHU DQG 6FKOQGHU >@ PRGHO WKH HIIHFWLYH WKHUPDO FRQGXFWLYLW\ FDQ EH H[SUHVVHG LQ WKH
IROORZLQJZD\
Ɉୠ୥ ൌ ൫ͳ െ ඥͳ െ ߝ௚൯Ɉ୥୫  
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
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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DUHHDVLO\SURYHG>@
1XPHULFDOVHWXS
7KHJRYHUQLQJHTXDWLRQVKDYHEHHQVROYHGXVLQJ WKHILQLWHYROXPH WHFKQLTXH7KH WZRGLPHQVLRQDOJHRPHWU\RI
UHDFWRUKDVP;PVL]H7KHVWDWLFKHLJKWRIVDQGLVPZLWKDYROXPHIUDFWLRQRI
7KHFRPSXWDWLRQDOGRPDLQKDVEHHQGLVFUHWL]HGE\UHFWDQJXODUFHOOVZLWKDWLPHVWHSVL]HRIʹǤͷ ή ͳͲିସVDQG
DPD[ RI  LWHUDWLRQV SHU WLPH VWHS 7KH48,&. 4XDGUDWLF 8SVWUHDP ,QWHUSRODWLRQ IRU &RQYHFWLYH .LQHPDWLFV




E\ DXQLIRUPJULG LQ WKH YHUWLFDO GLUHFWLRQ DQG DQRQXQLIRUPKRUL]RQWDO JULGZLWK WKH ILUVW KHLJKWRI FHOO QHDU WKH
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୥୫ሺʹͲιሻ ൌ ͲǤͲʹ͸  Τ  ୱ୫ ൌ ͳ  Τ GHSHQGVRQ
PRLVWXUHOHYHO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୮ ൌ ͻͻͶ   Τ  
5HVXOWVDQGGLVFXVVLRQ
)LJXUH  VKRZV WKH YROXPH IUDFWLRQ RI VROLG $W LQLWLDO FRQGLWLRQ WKH EHG KDV EHHQ IOXLGL]HG E\ D VXSHUILFLDO
YHORFLW\RIPVʹǤͺή୫୤ሻ7KHEHGKHLJKWLQFUHDVHVXQWLODTXDVLVWHDG\VWDWHFRQGLWLRQLVUHDFKHGDIWHUV7KH
PD[LPXPEHGKHLJKWUHDFKHGLVPWKDWFRUUHVSRQGVWRDEHGH[SDQVLRQUDWLRRI6LQJKHWDO>@GHYHORSHG
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VKRZQ LQ ILJXUH  ZKHUH D W\SLFDO LQVWDQWDQHRXV ORFDO VROLG YROXPH IUDFWLRQ LV UHSUHVHQWHG 7KH SURGXFWLRQ WKH
JURZWKDQGWKHFROODSVHRIEXEEOHVFKDUDFWHUL]HWKHGHYHORSHGIORZLQWREXEEOLQJIOXLGL]HGEHG
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)LJXUH VKRZV WKHYHFWRUSORWRI VROLGYROXPH IUDFWLRQ ,W FDQEHREVHUYHG WKH UHFLUFXODWLRQRI VDQG LQ WKHDUHD
VXUURXQGLQJWKHEXEEOH7KHSURGXFWLRQDQGJURZWKRIEXEEOHVSURGXFHWKHUHFLUFXODWLRQPRWLRQRIVROLGSKDVH7KLV
SKHQRPHQRQ LV EDVHG RQ WKH IDFW WKDW D ULVLQJ EXEEOH GUDJV SDUWLFOHV LQ LWV ZDNH DQG WKH UHOHDVHG YRLG HPXOVLRQ




)LJXUH  VKRZV WKH UHVXOWV IRU VROLG YROXPH IUDFWLRQ SURILOH DIWHU  V DW KHLJKW RI  P ,Q WKLV ILJXUH WKH
V\PPHWU\ RI YROXPH IUDFWLRQ FDQ EH REVHUYHG:KHQ WKH VLPXODWLRQ UHDFKHV WKH TXDVLVWHDG\ VWDWH FRQGLWLRQ WKH
SURILOH RI VROLG YROXPH IUDFWLRQ DORQJ WKH VLGH RI UHDFWRU LV DV\PPHWULF EHFDXVH WKH PRWLRQ RI EXEEOHV EHFRPHV
FKDRWLF
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KLJK FRQFHQWUDWLRQ RI SDUWLFOHV$W WKH ERWWRP RI WKH EHG WKH VROLG YROXPH IUDFWLRQ LV ODUJH WKHUHIRUH WKH UDWH RI
SUHVVXUHGURSLVODUJHU%H\RQGWKHKHLJKWRIPIUHHERDUG]RQHWKHUHDUHHVVHQWLDOO\QRVROLGSDUWLFOHVDQGWKH
SUHVVXUHLVURXJKO\FRQVWDQW
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'DYLGVRQ DQG+DUULVRQ >@ XVH D IRUPXOD IRU WKH EXEEOH ULVH YHORFLW\7KLV IRUPXOD LV EDVHGRQ WKH HPSLULFDO
FRUUHODWLRQRI'DYLHVDQG7D\ORU>@DQGRQWKHFODVVLFDOWZRSKDVHWKHRU\RI7RRPH\DQG-RKQVWRQH>@
ݑ஻ǡ௦௜௡௚௟௘ ൌ ߚ ή ͲǤ͹ͳͳඥ݃݀஻  






ݑ஻ǡ௕ ൌ ܻ ή ൫ݑ௦௨௣ െ ݑ௠௙൯ ൅ ݑ஻ǡ௦௜௡௚௟௘  
:KHUHYLVDIDFWRUZKLFKWDNHVLQWRDFFRXQWWKHUHDOLVWLFJDVGLVWULEXWLRQLQWKHEHG
7KHIRUPXODIRUWKHEXEEOHULVHYHORFLW\GHSHQGVRQWKHPLQLPXPIOXLGL]DWLRQYHORFLW\DQGWKHEXEEOHGLDPHWHU$W
KLJK WHPSHUDWXUHV WKH YDOXHV RI GHQVLW\ DQG YLVFRVLW\ RI IOXLGL]LQJ JDV DUH VPDOOHU &RQVHTXHQWO\ WKH PLQLPXP
IOXLGL]DWLRQ YHORFLW\ DW KLJK WHPSHUDWXUHV GHFUHDVHV EXW WKH EXEEOH GLDPHWHU LQFUHDVHV 7KHUHIRUH WKH EXEEOH ULVH
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FRPSXWDWLRQDOO\PRUHLQWHQVLYHWKDQWKH(XOHULDQ(XOHULDQRQH
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